Objective: To report a joint-centered mechanism of performance decrements caused by overtraining. Design: Case study. Setting: Laboratory-induced overtraining. Participants: Eleven weight-trained men, 1 (subject A) with overload injury of the knees. Intervention: High-intensity squat resistance-exercise overtraining for 2 weeks. Outcome Measures: 1 RM lower-body strength, isokinetic and isometric knee-extension strength, and stimulated isometric knee-extension strength. Results: Subject A' s 1 RM strength decreased 40.3 kg, and the other overtrained subjects (OT) exhibited significant (P < .05) 1 RM decrements (x = -9.3 kg). Isokinetic knee-extension strength decreased for all subjects. For the OT group, voluntary isometric knee-extension strength did not change and stimulated isometric kneeextension strength decreased. Subject A exhibited increased values for both these variables. Discussion: These data indicate that muscle strength was attenuated for subject A only during dynamic activity. It is theorized that subject A exhibited a joint-centered overtraining syndrome, with afferent inhibition from the affected joints impairing dynamic strength.
Improper exercise prescription can lead to a phenomenon known as overtraining. There is considerable discussion as to the exact definition of overtraining.*'^ For the purposes of this study, overtrairung is defined as a training stimulus involving an increase in training volume and/or intensity that results in decreased physical performance that is not caused by muscular overstrain.'-^^ Additional terms used to identify overtraining Fry and include staleness, chronic overwork, burnout, overfatigue, and overreaching.^-P revious investigations have studied the various factors contributing to resistance-exercise overtraining. Among these factors are training volume, rest between exercise bouts, and exercise intensity.*"* Resistance-exercise overtraining from excessive relative intensity (percent 1-repetition-maximvun [lRM]) has produced different physiological responses than has aerobic overtraining or resistance-exercise overtraining from increased training volumes.^-^ Por example, circulating hormones and catecholamines exhibit different profiles with the different types of overtraining stimuli.*'^-T herefore, increased-intensity overtraining wdth resistance exercise appears to be a unique stimulus.
Overtraining includes such factors as inappropriate rest and recovery from training and results in increased levels of fatigue.* It can result in joint impairment known as overload injury, with the knee being a common site of impairment.'''* Problems occurring in this joint include pain from increased load factors caused by prolonged stress on knee cartilage, as well as swelling and instability.' Overuse problems are usually the result of increased volume or intensity in an athlete's training. The net result is often termed overtraining syndrome, which implies "an impaired state of health which is caused by overtraining."*"'?* The purpose of this study was to observe the characteristics of an individual who was medically diagnosed with overload injury of the knee joint as a result of a 2-week, high-intensity, resistance-exercise overtraining (OT) protocol that was part of previously published research.^'' By studying this individual we wanted to see how this condition developed and how performance was affected by a condition we will designate a joint-centered overtraining syndrome.
Methods

Subjects
Eleven weight-trained men participated in a resistance-exercise overtraining protocol. Of these 11,1 (subject A) was diagnosed with overload injury of the knee joint. All 11 subjects had consistently weight trained for at least 1 year prior to this study, and all were capable of a parallel barbell squat of at least 1.5 times their body weight for a lRM. There was no history of anabolic steroid use over the previous year. Clinical knee examinations were administered to all subjects by a medical doctor (JML) before the investigation. The knee exam was performed with the subject in a supine position. The knee was flexed to 15° (a standard Lachman position). The distal femur was stabilized while anterior and posterior force was applied to the proximal tibia until the examiner felt the tautness of the respective cruciate ligaments. Millimeters of movement anterior and posterior were estimated. Medial and lateral laxity of each knee were also determined. The subject's ankle was fixed between the examiner's elbow and chest wall while both joint lines were palpated. The examiner exerted medial and lateral pressure on the knee and estimated the number of millimeters the joint space increased.**"*^ All subjects signed an informed consent statement as approved by The Pennsylvarua State University Institutional Review Board before the study began. Characteristics for all subjects are presented in Table 1 .
Training Protocol
Lower-body training was performed on a resistance-exercise machine that simulated a parallel-squat motion (Tru-Squat, Southern Xercise Inc, Cleveland, Term). A coristant shoulder-width stance was used throughout the study, and the torso was maintained in a vertical position. This equipment has been previously described in detail.^' Two familiarization sessions on the squat machine were conducted during the first week of the study. Both sessions included a lRM assessment using a previously recommended progression.*^ Test-retest reliability for lRM was r = .96. At the beginning of each training session during the 2-week overtraining period, the subjects were tested for lRM.*^ To induce overtraining symptoms, all subjects performed 10 sets of 1 repetition at 100% of lRM on the squat machine each day for 2 weeks. All repetitions were separated by 2-minute intervals. If there were any unsuccessful attempts, the load was decreased by 4.5 kg, allowing each successful lift to be as close as possible to the subject's maximal capacity.
Strength Tests
Test batteries were administered before, during, and after the 2-week overtraining period. Body composition was estimated from skinfold measurements.*'** Tester reliability for each skinfold site was r > .94. Capabilities for lRM were determined for all subjects by using the same warm-up progression.^'*^ Subjects were also tested for concentric leg-extension peak torque (N • m) of their dominant leg at angular limb velocities of 0.00,0.53, and 5.24 rad/s on a Cybex II isokinetic dynamometer (Lumex Inc, Ronkonkoma, NY). Before each test, the dynamometer was calibrated according to the manufacturer's specifications. Isometric testing for the leg included a 5-second maximal effort with the knee at 90° flexion (0° -leg fully extended). Stimulated quadriceps force was also assessed at 90° knee flexion. Surface stimulation was applied to the femoral nerve with a Teca Electromyograph/Synchronized Stimulator with built-in oscilloscope (model B-2) and a Teca 9523 handheld stimulator at the inguinal fold, immediately distal to the inguinal ligament.*^ Maximal muscle activation of the vastus medialis was determined by electromyographic (EMG) activity, using 2 silver-silver chloride electrodes with a built-in preamplifier and a cor^tant electrode distance of 2 cm. Maximal activation of the quadriceps was verified by the amplitude of the EMG signal on the oscilloscope. Beginning with the single rectangular-wave stin:\ulations of 0.05-millisecond duration, the nerve stimulation was increased in steps of approximately 60 V, followed by duration increases to a maximum of 2.0 milliseconds until the EMG signal did not increase in amplitude. To ensure complete activation, supramaximal stimulation of 30-60 V was added to maximal activation. The stimulated force tests were highly repeatable and were performed under the direction of a clinical neurologist. Isometric peak torque was determined by the Cybex dynamometer. Each muscle-force assessment was performed 3 hours postexercise and at the same time of day to help er\sure acute neiiral recovery.' Training protocols were held constant before each test because shortterm training can affect efficiency of electrical activity of skeletal muscles.*' At the begirming, middle, and end of the 2 weeks of overtraining, each subject performed a maximum number of repetitions for the 70% lM^ test. After a warm-up of 3 repetitions at 32 kg, sets of 10 continuous repetitions at 70% of the most recent lRM load were performed to fatigue, separated by 1-minute rests.
Statistical Analyses
All data are reported as A: ± SE. Results for the OT group were analyzed with one-way repeated-measures analyses of variance. Post hoc analyses were perfonned with the Fisher least-significant-difference procedure. Sigruficance for this study was set at P < .05.
Results
The subjects in the present study, as previously reported, were overtrained, exhibiting significant decreases in lRM strength of -12.2 kg.' During the overtraining protocol, subject A was diagnosed with overload injury of the knee joint by a medical doctor (JML). He showed slight effusion of the knees bilaterally. Tests performed included anterior/posterior drawer, for stability of the anterior and posterior cruciate ligaments. The Lachman test was also used to show stability of the anterior cruciate ligament alone. The McMurray test was used to diagnose any disruption of the cartilage. AU tests for aU subjects presented negative results. Subject A also demoristrated normal range of motion in both knees. Physical characteristics for subject A and the OT group are listed in Table 1 . During the course of the overtraining, both subject A and the OT group exhibited attenuated lRM strength (subject A = -40.3 kg, OT group = -9.3 kg; see Figvire 1) . Muscle endurance at 70% lRM did not significantly change for the OT group but increased from 23 repetitions to 57 repetitions for subject A (see Figure 2) . Isokinetic knee-extension strength decreased for both the OT group and Subject A at both 0.52 and 5.23 rad/s (see Figure 3) . Maximal volxmtary isometric knee-extension strength did not significantly change for the OT group but increased 13.7% for subject A. There was also a significant decrease in stimulated isometric knee-extension strength for the OT group, whereas this variable increased 14.0% for subject A (see Figure 4) . During actual training sessioris, subject A exhibited a unique phenomenon wherein the involved muscles appeared to shut down as the point in the range of motion for the squat approached the greatest torque forces.
Discussion
Both the OT group and subject A exhibited lRM strength decrements by the end of this investigation. Additional aspects of this physiological Subject A Overtrained (n=10) Figure 1 One-repetition-maximum (1 RM) performances (x± SE). Performances were compared between the maximum 1 RM performed during the course of the study (max 1 RM), and the 1 RM performed on the last day of the study (last 1 RM). The OT group exhibited significant decreases by the end of the study (P < .05). scenario have been previously described.^^ Besides lRM decrements, isokinetic and involuntary knee-extension strength were attenuated, and a sympathetic overtraining syndrome' was indicated by augmented exerciseinduced catecholamines. What is imique to this case study is the clinical diagnosis of overload injury of the knees for subject A, while all other subjects did not demonstrate any joint abnormalities. As indicated by the preinvestigation joint-laxity examinations, all subjects exhibited normal joint characteristics before the study."" It was only after initiating the highintensity training protocol that subject A developed the overload injury.
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Although the OT group also demonstrated lRM strength decrements, the resulting strength differences between the OT group and subject A were dramatic. The additional strength measures used for this investigation permit a closer examination of possible physiological mechanisms that might have contributed to the strength decrements for subject A. Because relative muscle endurance (repetitions at 70% lRM) actually increased for subject A, it appears that only maximal strength was adversely affected. Relative muscle endurance typically does not change when lRM strength is altered.'^ In the case of subject A, the large increase in repetitions at 70% lRM indicates that submaximal muscle forces did not decrease. It is possible that a force threshold existed for subject A, above which muscle performance decreased but below which strength was not affected.
It is also interesting to note that when maximal strength was assessed, orUy dynamic strength was impaired for subject A. Volimtary and stimulated isometric strength actually increased for subject A, whereas the OT group demonstrated no change (volimtary) or decreases (stimulated) for these measures. Changes for involuntary stimulated strength indicate adaptations of the peripheral musculature.^ The distinct difference in stimulated strength between the OT group and subject A suggests that peripheral muscle maladaptation occurred for only the OT group. Such a result also suggests that the decreased lRM for subject A is not tiie result of impaired intrinsic capacity of the peripheral musculature.Ŝ uch results beg the question. Why was dynamic strength impaired for subject A but not for the OT group? Considerable clinical and experimental evidence exists indicating that joint impairment results in attenuated performance of the involved muscles.'""^ Such phenomena are attributed to afferent inhibitory input from the affected joint. Inhibitory input of this type would serve as a very helpful protective mechanism for the impaired joint. Neural input to the musculature is very sensitive to a preceding exercise stimulus*''* and might have served as an immediate protective mechanism for the overload injury experienced by subject A. Severe injury to the knee, such as anterior-cmciate-ligament damage, restdts in attenuated kneeextensor strength,^'^" because of not only muscle atrophy but also decreased central nervous system activation.^-^ It should be noted, however, that even an inflamniatory response of the knee will also result in attenuated kneeextensor strength^* because of decreased central nervous system activaQj^23, 24, 27 gjjjj ^j^gj. g^^j^ decreases in strength are readily measurable via isokinetic or gait assessments.^'-^'' Whether the decreased lRM strength exhibited by subject A is a result of afferent inhibition or decreased central nervous system muscle activation, the involved knee joints are somewhat protected from further damage during dynamic actions. From empirical observations of the training sessions, the inhibition and/or decreased activation occurred most dramatically when subject A approached the point of greatest knee torque in the range of motion. By inhibiting muscle activity at this point, the involved muscles were protected from the highest torque forces. This did not occur for those in the OT group. By avoiding these high forces, subject A's quadriceps actually were allowed partial recovery, resulting in augmented strength for tasks not involving joint movement (voluntary and stimulated isometric strength).
In conclusion, it appears that resistance-exercise overtraining resulting from excessive relative training intensity (% lRM) might be manifested through a joint-centered mechanism. This appears to be different from the maladaptation of the peripheral muscles that has been previously described for this type of overtraining.' It is already evident that overtraining can exhibit a variety of physiological characteristics'-^' and that different training modalities can result in different physiological characteristics.^ In Ught of these findings, it should be noted that joint-centered resistance-exercise overtraining appears to possess different symptoms than those of non-jointcentered resistance-exercise overtraining.
